June 19, 2020

Mr. Brandon Roberts

Office of Rulemaking

Acting Designated Federal Official, Aviation Rulemaking Advisory Committee
Federal Aviation Administration

800 Independence Avenue, SW

Washington, DC 20591

RE: Flight Test Harmonization Working Group; Topic 31 Final Recommendation Report
Dear Mr. Roberts,

On June 18, 2020, the Aviation Rulemaking Advisory Committee (ARAC) voted unanimously to
accept the Final Recommendation Report (“Report”), submitted by the Flight Test Harmonization
Working Group (FTHWG) on Topic 31 —Vpt/Mps. However, ARAC would like to clarify some of the
language used in the Report regarding the role of the Federal Aviation Administration’s (FAA)
representative who participates in the FTHWG as a non-voting member.

Beginning on Page 10, references are made to an FAA dissenting opinion. ARAC members
understand this section to mean, as clarified during the ARAC meeting, that any FAA position or
guidance provided during the FTHWG's proceedings was technical in nature. It is important to note
that FAA advice and guidance on ARAC Working Groups is not intended to reflect the FAA’s formal
position. At the same time, FAA’s participation on our Working Groups is incredibly valuable.

As you know, the work of the FTHWG is complex and requires specialized expertise. ARAC would
like to thank the team for this report and its understanding the unique intricacies of this issue and
working tirelessly to enhance aviation safety.

On behalf of the ARAC members, please accept the FTHWG Final Recommendation Report and
submit to the relevant program offices for consideration and implementation. Please do not
hesitate to contact me with any questions. Thank you very much.

Sincerely yours,

Sos—

Yvette A. Rose
ARAC Chair
202.293.1032
yrose@cargoair.org

cc: Keith Morgan, TAE Chair
Brian Lee, Boeing, Working Group Co-Chair
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Executive Summary

Subpart G paragraph 25.1505 states that the minispged margins required for structural design betwe
cruise speeds YMc and design dive speed/Mp are also to be observed between maximum operating
speeds Mo/Mmo and flight test demonstrated dive spee@ds/Mpr. However, with flight controls systems
operating normally, airplanes equipped with higis@eed or high Mach number protection functionshinig
not be able to achieve the intended values f{Mpr during flight tests, due to the very nature of tio:-
overridable protection functions.

This inconsistency — combined with the lack of agme definition for ¥¢/Mpr and absence of clear
guidance for envelope protected airplanes on tlaten— has led OEM’'s and Airworthiness Authorities
adopt different interpretations and ultimately erént practices when establishinge g for flight test
demonstrations of handling qualities, vibratiorflotter.

During the work on these issues the Flight Testmdeization Working Group was augmented with Loads
and Structures experts from the member organizaf{®EM’'s and Airworthiness Authorities). The group
also reviewed in-service incidents where significamerspeed was observed. The FTHWG proposals
detailed in this report include the following items

» Harmonization of §25.335(b)(1) regulation and guaafor envelope protected airplanes, including
addition of a dedicated upset maneuver (-15 deftflpath upset) derived from previous Special
Conditions for high speed protected airplanes, @dadfication that the means of compliance need
not include dedicated flight test demonstrationse proposal also includes a requirement for non-
overridable envelope protection failure conditions.

= Update to AC 25.335-1A guidance, including claafion of the necessary conditions for credit of
reduced structural design dive speeds for airplasggipped with non-overridable envelope
protection functions and clarifications on atmospheariations and considerations for instrument
errors and production variations when applicable.

» Update to 825.253(b) to establish thatcMec need not exceed the maximum steady speed
achievable with full forward control input for algmes equipped with a non-overridable High Speed
Protection Functiorlimited such that it is at least the speed at wiitbctive speed warning occurs.

* Inclusion of new regulation §25.253(d) to precisdbfine \bg/Mpg. This new definition clarifies
that Vbe/Mpr are speeds selected by the applicant to be usedgdilight tests when showing
compliance with the applicable regulations (below).

= Regulation and/or guidance for handling qualitiesagraphs 25.251, 25.253 and 25.255 and flutter
flight tests of 825.629(e) are amended to allovalolisg or modifying envelope protection functions
for flight test purposes, thus allowing increasgeesls to be reached if so needed in showing
compliance to specific aspects of each regulafitve same types of success criteria currently used
for conventional airplanes were maintained for éope protected airplanes, although quantitative
criteria were modified to qualitative criteria iaree cases, in line with the modified control latvstt
may be needed for those tests. Quantitative aiferi 825.255(f) were modified to address protected
and unprotected airplanes.

= Regulation and guidance for paragraph 25.1505vised to add clarity on its intent and criteria and
the relationship between the minimum speed marginge used for structural design(Wi¢c to
Vp/Mp) and the minimum speed margins to be demonstiatetight (Vvo/Mmo to Voe/Mpg).
Criteria for failure conditions were also included.

These proposals complement the FTHWG Phase 2 Tdpi@sand 13 proposals related to High Speed
Protection Functions.

3
Topic 31 Vpe/Mpg vs. Vp/Mp
Recommendation Report



Background

Structural regulations of Subpart C define desiye dpeeds WMyp as the greater of the speeds achieved
during a standardized upset-dive from cruise speégdic (825.335(b)(1)) or the speeds achieved
following standardized atmospheric disturbancesiod gusts (825.335(b)(2)).

Handling qualities related regulations of Subpar(85.251, §25.253, §25.255) and flutter flighttdes
required in Subpart D 825.629(e) refer tgeMpr, the demonstrated flight diving speed, for whiah n
precise definition is presented. Although airplamegiipped with airspeed or Mach number envelope
protection functions usually have their certificatibasis amended by Special Conditions or Equivalen
Safety Findings (or the most recent amendmentsA&AZs CS 25), these documents provide no additional
clarification regarding W&/Mpr.

Subpart G paragraph 25.1505 and its respectiveagael in AC 25-7D make a link betweern/Mp,
Vpe/Mpg and their appropriate minimum margins to the lioperating speeds\w/Myo.

Existing conventional (unprotected) airplanes amasé equipped with High Speed Protection Functions
(HSPF) typically have their Y defined by the upset-dive maneuvers, whilg il typically driven by the
wind gusts of AC 25.335-1A. Since Subpart B hargliqualities flight tests are intended to assess the
airplane with all systems operating normally (excep one engine inoperative in some cases) anengiv
that 825.335(b)(2) wind gust levels are rare antdpmesent during the flight tests, the maximum dpee
achievable during flight tests of envelope protéaeplanes in normal mode may be insufficientatssy

the minimum margins originally intended by §25.1505

This conflict between HSPF designs and 825.1505 fivas noted during the FTHWG discussions of
§25.255 on Topic 13 — Out of Trim (see FTHWG Phadmal report). From the start of Phase 3 Topi¢ 31
the original Handling Qualities and Flight Test gpésts within the FTHWG invited Loads & Dynamics
and Structures specialists from the various menapganizations to help cover the full scope of issue
regarding \b/Mpr (Subpart B) and MMy (Subpart C).

After an initial sharing of current practices basmd existing Special Conditions and Equivalent §afe
Findings it was apparent that the existing cedtfmn bases were not sufficient to guarantee ctarsig
amongst different projects.

Considerable time was then spent in reviewing theegis and the rationale behind the aforementioned
regulations and guidance, such as the referenefietcts of “automatic systems” in the minimum masgio
Vp/Mp in 825.335(b)(2), the severity of the wind gustsfimed in AC 25.335-1A and different
interpretations of 825.1505. The group also revieweservice incidents where significant overspess
observed.

The FTHWG also spent significant time discussing #tcounting of instrument errors and airframe
production variations in determining the marginvedn \W/Mc and \b/Mp. Although the proposed
guidance material to 825.335 has added referencg®3.1323 as a means to address instrument enrs,
guidance to production variation was developedt &fathe difficulty in addressing production varaat is

the absence of a Part 25 regulation addressinguaief to airframe differences. Proposals accouriting 1

in 100 airplane drove additional discussion regaydnow to show compliance when structural design
speeds are set early in the design, prior to flights. In consideration of the timing of this regbe subject
reached a point where the FTHWG was appeased Yorlma recommends revisiting the issue in the ritur

The FTHWG also discussed the need for minimizinghtltest risk and exposure to limit case overspeed
conditions during the course of a flight test peogr as well as the benefits of High Speed Protectio
Functions (HSPF), while balancing the need forkausb flight test evaluation.

4
Topic 31 Vpe/Mpg vs. Vp/Mp
Recommendation Report



A. What is the underlying safety issue addressed bijx¢ FAA CFR / EASA CS?

Airplane structural design shall consider speediesions beyond maximum approved operating
speeds (Mo/Mmo), including the speed excursions resulting frormaepheric disturbances.
The airplane should be free from flutter or exoessiibration. Also, handling characteristics in
the overspeed range should be adequate to allowitplane to safely and promptly return to
the normal speed envelope.

B. What is the task ?

To recommend harmonized means of assessing higbd splearacteristics for high speed
protected airplanes.

To recommend harmonized means of establishingtataladesign dive speeds for high speed
protected airplanes.

To develop sufficient guidance to clarify the seleegulations referring to eitherp¥Mp or
Vpe/Mpr.

C. Why is this task needed ?

Existing regulations and guidance did not envidiagh speed protected airplanes. Regulation
§25.1505 in particular requires the minimum mairgatween Yio/Muo and \bg/Mpr to be at
least the minimum margin established betweefiM¢ and \b/Mp. Since \6/Mp may be driven
by a severe atmospheric disturbance specified Bm385(b)(2), it renders impracticable for
some high speed protected airplanes to achieventeeded \b/Mpr during flight tests with
flight controls in the normal mode.

In addition, there is not a comprehensive definited Vpe/Mpr in the current regulations and
OEM'’s and Airworthiness Authorities dealing withighsubject have been inconsistent in the
interpretation and application of the regulatioegarding flight tests in overspeed conditions.

D. Who has worked the task ?

The Flight Test Harmonization Working Group, durifgase 3 activities, has worked the task.
The group was augmented with Loads and Structyresiaists. Participants in this FTHWG
task included:

Airframe Manufacturers:
Airbus, Boeing, Bombardier, Dassault, Embraer, S&tdbam and Textron

Airworthiness Authorities:
FAA, EASA, TCCA and ANAC (CAAIl and JCAB as obsersgr

Operators:
Norwegian (as an observer)

Labor Union:
ALPA

Topic 31 Vpe/Mpg vs. Vp/Mp
Recommendation Report



E. Any relation with other topics?

FTHWG Phase 2 Topic 1 — Envelope Protection — @dsesl the basic criteria for certification of
airplanes with envelope protection functions undee proposed 825.144, including the
definition of a High Speed Protection Function (H$Bnd minimum reliability criteria for such
functions. Implementation of those proposals fronade 2 Topic 1 related to HSPF is a pre-
requisite for the implementation of the proposalstained in this report.

FTHWG Phase 2 Topic 7 — Side Stick Controls — ohiices criteria for side stick control forces.
This Topic 31 report includes modifications to soafethe guidance previously addressed in
Topic 7. Implementation of those proposals from g8h@ should be coordinated with the
proposals contained in this report.

FTHWG Phase 2 Topic 13 — Out of Trim Charactergstiadiscusses flight test demonstrations
at Vpe/Mpg. This Topic 31 report includes modifications t@ywpus proposals from Topic 13.

Implementation of those proposals from Phase 2cTdfirelated to Out-of-trim characteristics
should be coordinated with the proposals containékiis report.

Historical Information

A. What are the current regulatory and guidance materal in CS-25 and FAR 25?

Handling qualities regulations and guidance:

= Paragraph 25.251 — Vibration and Buffeting

= Paragraph 25.253 — High Speed Characteristics
= Paragraph 25.255 — Out of Trim Characteristics
= AC 25-7D

= CS 25Book 2

Loads and structures regulations and guidance rakter

Paragraph 25.629(e) — Flight Flutter Testing

Paragraph 25.335(b) — Design Dive SpegtMb

Special Conditions and CS 25.335(b) — Additiongd\, criteria for protected airplanes
AC 25.335-1A — Design Dive Speed - Gusts

AC 25.629-1B — Aeroelastic Stability Substantiataf Transport Category Airplanes -
Flutter Flight Testing

=  AMC 25.335(b)(1)(ii)- Design Dive Speed — High sggeotection function

= AMC 25.335(b)(2) — Design Dive Speed (Gusts)

= AMC 25.629 — Aeroelastic stability requirements

Operating Limitations regulations and guidance:

= Paragraph 25.1505 — Maximum Operating Limit Speed
= AC 25-7D section 10.2 — High Speed Characteristics
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B. What, if any, are the differences in the existingegulatory and guidance
material CS 25 and FAR 257

CS 25, starting with Amendment 13, includes crielior high speed protected airplanes in
§25.335(b)(1). These criteria are based on prev@pescial Conditions and are not currently in
FAR 25.

Although based on previous Special Conditions,téx¢ included in CS 25 is unclear about the
use of analysis rather than flight test demonsinatifor the -15 deg flight path upset maneuver.

Although regulation §25.1505 is similar in FAR 28daCS 25, the guidance is substantially
different. The FAA AC 25-7D includes a discussidmoat the applicability of the “same margin”
between Wio/Muwo and \Wbe/Mpr as that determined under 825.335(b) betweefM¥ and
Vp/Mp. EASA’s CS25 book 2 (or AMC) does not include tthiscussion.

EASA’s CS 25 §25.302 and Appendix K “InteractionSyfstems and Structure” discuss systems
(such as a HSPF) affecting the structural perfooeanf the aircraft, either directly or as a result
of a failure or malfunction. This regulation is nat harmonized with the other authorities. The
direct effects of a HSPF (i.e. the effects of tloenmal operation of the system) on the speed
margins between yMc and Wb/Mp and between Wo/Muo and \bg/Mpr are addressed in the
proposals contained in this report. Similarly, thargins between the operating speed limits of a
HSPF failed/inoperative andpMMpr are addressed in this report. However, other &SpécCS

25 825.302 and Appendix K (e.g. the effect of tmset of a HSPF failure on the structural
performance) were considered out of scope of T8piand were not addressed by the FTHWG.
These additional considerations should be submcfuture harmonization and the proposals
contained in this report should be complementedraatgly at a later stage.

C. What are the existing CRIs/IPs (SC and MoC)?

The existing SC’s for high speed protected airpdaingpose an additional -15 deg flight path
upset-dive maneuver in the determination @/Np. Most of these SC’s specify that the upset
maneuvers can be shown by analysis if reliableooservative data is used.

For one applicant the SC is unclear about the usenalysis rather than flight test
demonstrations of the -15 deg flight path upseteunaar.

TCCA has an ELOS with similar content to the SC's.

D. What, if any, are the differences in the Special @hditions (CRIs/IPs) (SC and
MoC) and what do these differences result in?

For one applicant the §25.335(b)(1) Issue Papesifgge “simulation” as the MoC for the -15
deg flight path upset maneuver. As discussed iticge® above, CS 25 amendment 13 is
unclear about this MoC.
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Consensus

The group shared current practices for each ofaff@icable regulations. Different proposals weredena
attempting to address the issue of handling qgealitight test demonstrations ab¥Mpr for high speed
protected airplanes where the speed may not be\atie. An initial majority position was formed ama a
draft proposal, which consisted of performing ak thigh speed handling tests up to the maximumdspee
achievable in normal mode and, in addition, a dgaihe assessment up to speeds inclusive of §2(hJ2%
with the envelope protections modified or disabl@dssibly a direct mode dive combining handling
gualities assessment with flutter flight tests.ti#is point the group had already concluded thatdiulight
tests should be carried out to speeds inclusivg26t335(b)(2) gusts, even though modified flighttcols
might be required to achieve these speeds.

The OEM's provided the following list of arguments support the notion that a limited qualitative
assessment of handling qualities beyond the pexdesnivelope would be sufficient to demonstratety dbe
high speed protected airplanes:

i. Itis important to minimize flight test risk by c@mning the amount of speed excursions (maximum
speed near i) and the exposure time (number of tests) to amum.

il. Any speed increment between the maximum speed#ebtérom §825.335(b)(1) flight path upsets
and 825.335(b)(2) gusts represents a transientitctmmdecause of the transient nature of the wind
gust profile specified in AC 25.335-1A.

iii. Existing high speed protection control laws statirg instantly and automatically upon reaching an
overspeed condition so as to bring the aircrafkliadhe protected envelope. As the group shared a
few examples it became clear that the predicted®xe time beyond §825.335(b)(1) caused by the
gusts of §25.335(b)(2) is of the order of a fewosels.

iv. According to the data shared within the group réga overspeed events observed in service it
became apparent that gust levels of magnitude airtol the ones specified in AC 25.335-1A are
very rare.

v. If any type of dedicated flight test control lawreqquired for high speed handling assessment (other
than the design’s available modes (e.g. direct nwdaternate mode) it would mean adding extra
complexity and costs to the overall developmerEBW systems, potentially with added flight test
risks also, due to the lower maturity of the maaifversion of the control laws.

vi. Handling qualities flight tests with modified cooltdaws are not representative of the type design
regarding specific aspects of the regulations.

vii. If adding a high Mach protection to the design addsiplexity, time, costs and potentially even
number of tests, with no apparent benefit to thevO& return (in the Mach regime), OEM's might
be tempted to design high speed protections thatadacover the Mach regime (with or without
gusts). That was in fact the case on a recent O§a@am. Although that airplane was demonstrated to
be safe according to the current regulations fowveational airplanes, existing FAA policy on high
speed testing apparently precluded an even sasggrdéeyond current Part 25 standards). This is
contrary to one of the FTHWG declared objectivesstreamline FBW related regulations to help
promote the adoption of envelope protections inrkidesigns.
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In addition, the OEM’s provided the following listf arguments to support the notion that additional
considerations for instrument errors and productiamations need not be included in the §25.33%{B(0d
(b)(2) analyses, provided the atmospheric variatenels specified in AC 25.335-1A are used and the
effects of air data instrument errors on automsgtems are considered in the analyses:

I. 825.335(b)(1) upsets constitute standards for stralc design. The specified maneuvers are not
correlated to operational scenarios nor are theyesentative of expected pilots’ reactions to
overspeed excursions. Since the specified upsetsa@rservative, no additional consideration for
instrument errors and production variations shdédequired.

ii. Atmospheric variations, instrument errors and pobidn variations are mentioned in §25.335(b)(2)
but not on §25.335(b)(1). Nowhere in the currenicitral regulations or guidance is an indication
that those factors need to be considered in cortibmavith the upsets of (b)(1). Even if “The
minimum speed margin” referenced at the beginningi(2) was supposed to be interpreted as
“The margin from (b)(1) above”, there is no possibiiterpretation of that regulation that would lead
an applicant to apply instrument errors and pradactariations on top of the (b)(1) upset analyses
but exclude the atmospheric variations from thosmes analyses. In other words, it would be
incoherent to assume that a very specific partbdf2] is applicable to (b)(1) but not all of it.
Therefore, it is reasonable to interpret (b)(2patandalone regulation, with no interlink with(@)
except for the fact that 3/Mp are the higher values obtained from the two typesnalyses.
Instrument errors and production variations assesstnave not been mandated by regulation for
(b)(1).

iii. Past and current practice of the majority of theliapnts is to disregard instrument errors and
production variations from 825.335(b)(1) analydésvertheless, the sum of all Part 25 in-service
fleet history to date shows no evidence of lacktaictural integrity, even in cases where largedpe
excursions were reported. The OEM’s practices maselted in safe airplanes in terms of structural
design.

iv. The gust levels specified in AC 25.335-1A are arieand therefore rare. The list of speed
excursion events shared in this group during FTH¥2GWichita, June 2017) is evidence that these
levels of atmospheric variations are rare. Thesefepeed margins calculated with these gust levels
should be sufficiently conservative, without anydiéidnal consideration for instrument errors or
production variations. In addition, structural @gsregulations are conservative in nature (e.g. 50%
safety margin between limit loads and ultimate &aat 15% margin betweenpMp and flutter
onset).

v. Past and current practice of the majority of thpliapnts is to use the default margin of 0.07 Mach
for 8§25.335(b)(2) analyses without any additionahsideration for instrument errors or production
variations. The few OEM'’s currently using lower mias (typically >0.06 Mach) have also
successfully negotiated with the Airworthiness Autties to disregard any additional consideration
for instrument errors and production variationgvuted they use the default gusts levels from AC
335-1A. Nevertheless, the sum of all Part 25 iniserfleet history to date shows no evidence of
lack of structural integrity, even in cases whengé speed excursions (some caused by gusts) were
reported. The OEM'’s practices have resulted in amfdanes in terms of structural design.
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The FAA dissented on the initial draft proposal tandling Qualities assessment. Following are lineet
core rationales the FAA offered the group in return

i. Notwithstanding the fact that severe wind gustshef same order of magnitude as the ones in AC
25.335-1A are rare and the nature of such phenonsetansient, they may eventually occur in
service. Therefore, it is preferable to incur addight test risk than a potential unforeseen
operational risk, particularly when flight testsncae conducted in a controlled environment where
risk is manageable.

ii. As presented in the draft form, it is unclear te R®AA how the majority proposal covers each
relevant aspect of the existing high speed handjualities regulations. It needs to be detailed.

iii. 1t is the FAA position that flight tests should benducted to demonstrate compliance with all
current aspects of the Subpart B handling qualiegsilations, up to M/Mpr values consistent with
the structural regulations of Subpart C, includimg speeds achieved with §25.335(b)(2) gusts.

The Structures Airworthiness Authorities disserdadhe initial proposal to disregard instrumenbesrand
production variation from 825.335(b) analyses. Téme concern from these authorities was that
accountability for instrument error and productigariation could be an important component when
demonstrating that the speed margins resulting fiteeranalyses are “shown to be reliable or consee/a

per §25.335(b) language.

In response, the FTHWG worked towards detailingpitggosals individually for each applicable Subjigart
regulation and their respective guidance mategakranteeing that each relevant flight characterist
specified in the existing regulations are adeqyatdtiressed for high speed protected airplanes.

Subpart C guidance was also modified to introduter@ for instrument error accountability. Diféerces
and similarities exist between the terminology usmdair data errors and the values of those errass
specified in the proposed changes to the guidanéeCi 25-7 and AC 25.335 and shown in the tablewelo
AC 25-7 has historically included values for thdfedient errors, but these have not been included in
AC 25.335 or other guidance. These differencesansidered minor.

§25.253 §25.335

Type of Error (proposed changes to AC 25-7) (proposed changes to AC 25.335)

“Increment for production 3 knots/.005M unless larger

tolerances in airspeed tolerances are found to exist.
systems” Smaller tolerances may be accepted
if adequately substantiated.

“Airspeed indicating system If the error is shown to be less than 3

installation error (ref. KEAS, it does not need to be considered

§25.1323(c)) If the error is shown to be greater than 3

Thisis commonly known as KEAS, the entire error should be

residual positioning error considered in determining the margin due
to upset maneuvers and atmospheric
variations.

Overspeed warning system | Should be included. “Where compliance with §25.335(b)(1) or

tolerances (b)(2) is dependent upon activation of an

The overspeed warning margin
above \{1o/Myo plus system
tolerances should be 6 knots/.01M

overspeed warning, the system tolerances
should be considered®pplies to upset
maneuvers and atmospheric variations.

No specific numbers provided.
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Digital interface

The guidance is worded
differently but has the same
meaning.

“For an airplane with digital
interface between the airspeed
system and the overspeed warning
system, the overspeed warning
system tolerance may be deleted

“For an airplane with digital interface
between the airspeed system and the
overspeed warning system, the productio
tolerance for the overspeed warning syst¢
may be deleted when adequately

when adequately substantiated,
leaving only the nominal margin

substantiated, therefore only the nominal
setting of the overspeed warning activatid

between Yjo/Muo and the
overspeed warning activation to be
included.”

should be considered.”

=]

em

Analytical considerations
when aircraft response is
dependent on air data input
any automatic system.

Not addressed because flight test
accounts for these inputs.
o

“If the aircraft response is dependent on air

data input to any automatic system (e.g.
HSPF gain schedules, Nz command,
control law gains, feedback or feedforwar
factors, etc. are a function of the input air
data in the overspeed range) then the
applicant should consider the effects of al
data errors (i.e. errors in the air data inpu
for the HSPF) in the overspeed range in
order to ensure that the resulting

analytically calculated speed margins from

§25.335(b)(1) and (b)(2) are reliable or
conservative.”

The final form of the FTHWG proposal as detailed Attachments 31B through 31H achieved full
consensus on the technical aspects with one comarghione dissent on an administrative aspect. The

proposals include:

Modifications to §25.251 guidance, 825.253 regafatand guidance, and 825.255 regulation and

guidance. The proposed changes address the vibratid buffeting and the handling qualities
aspects of the high speed tests and provide a didanition for Veo/Mec in 825.253(b) for HSPF
equipped airplane andpWMpr under the new proposed regulation 825.253(d).

Modification to 825.629(e) guidance, addressingidiuflight tests for high speed protected aircraft
Modifications to 8§25.335(b) regulation and guidantée proposed changes harmonize the dive

criteria and general guidance for structural dessfrhigh speed protected airplanes and clarify
aspects of atmospheric variation analyses, instniiereors and production variations.

Modifications to §25.1505 regulation and guidanadding clarity to the intended relationship

between the structural design marging/c to Vp/Mp) and the flight test demonstrated margins
(Vmo/Mwmo to Vpe/Mpg). Criteria for failure conditions were also incedi
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The following tables contain the aforementioned @Gwnt and Administrative Dissent, along with the

group’s disposition:

Comment (not dissent)

FTHWG Disposition

ANAC: This report requires some tests to be donthéolimit
of the normal envelope protection. The proposeddanse
defines such value in a standard maneuver lookinyg af
compromise between exploring the envelope witheqtiring
extreme maneuvers for each test point. However, BNA
concerned with an OEM ignoring such compromise eeatl
the proposed guidance to test in speeds significlkawer than
currently tested when compared to the speed oltaitloeing
the §25.253(a)(1) upsets.

ANAC considers that an OEM should demonstrate maoef
inversion up to the load factors described in §25(2) at
speeds reached on §25.253(a)(1) upsets. Lower flaetdrs
than that from §25.255(c) would also be acceptdiinited by
the flight control law. ANAC considers that this egjfic
concern is not addressed by the proposed testsHHiVYr.

As usual practice in certification, ANAC would bdllimg to
discuss flight test tolerances and credit from othaneuvers
These practices, however, should be discussed byasase
during a particular certification campaign.

ANAC believes that this concern would not requirey
additional OEM burden unless OEM willing to chanteir
design to take specific credit that was not enwist in this
discussion. As an evidence, ANAC reinforces that, its
knowledge of past envelope-protected designs, tle¢haod
proposed in this report would generally resultasts above th
speeds reached in §25.253(a)(1) or at least in sanjlar
speeds.

&

D

The group acknowledges the concern and offers ahawntrol
law design capable of holding the gradual accetarg
overspeed too short of the speeds achieved in §2%3@lso
likely to produce load factors in excess of 1.5¢ghet upset
recovery, even with the pitch controls in neutralsigon,
therefore approaching the load factors specified
§25.255(c)(2). Otherwise, the maximum overspeedeseh
following a gradual acceleration to full forwardcgtis likely
to be close to the maximum speed achieved in tHE3(82
upsets.

Furthermore, the group does not envision a reasoyn an
OEM would propose a control law significantly diéat than
the descriptions above, unless the load factor lepeeis
being limited by other constrains already alloweg
§25.255(e), such as aerodynamic buffet.

The proposed guidance material for the 825.25
“achievable speed (under normal flight control eyst
operation)” in Section 10.3.1 of Attachment 31Hdsistent
with the accepted means of compliance for §25.25htere
a quantitative stick force vs Nz is to be determin€his can
only be accomplished at a reasonably steady aus
achievable with full forward stick input (for a HBRquipped
airplane).

5(b)

pee

Qualitatively evaluating longitudinal stick forcpsr g during
dynamic high speed upset and recovery should bgalbhar
accomplished (i.e. to the normal acceleration —-Nievel
reached) as part of 825.253(a) compliance as nintetthe
proposed 10.2.1.7.1 of Attachment 31H where “Adégua
handling qualities (e.g. adequate roll rate, nortoatl factor
capability, control force gradients and absencecaoftrol
reversal) should be observed during recovery detratitms
from the upset maneuvers of §25.253(a)(1)".

Administrative Dissent

FTHWG Disposition

FAA: The proposed change to regulation §25.253faj6tild
be specified in guidance instead, to reduce theirastmative
burden of additional regulatory changes.

The proposed additional language in 8§25.253(a)(g
consistent with similar existing language in 823@5(5). The
majority of the FTHWG voting members believe thewn
language in §25.253(a)(4) would be helpful in thase that it
adds clarity to the intended range of speeds titidie tested.
Moreover, the group considers these changes to iberr
when compared to the complete set of changes ter
regulations and guidance material contained inrép®rt.

=1

hth
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Recommendation

The Flight Test Harmonization Working Group — augted with a group of Loads and Structures
specialists from its voting member organizationseeommends the FAA to implement the following
changes:

Harmonization of 825.335(b)(1) regulation and gow&afor envelope protected airplanes. It should
include a dedicated upset maneuver (-15 deg flgath upset) derived from previous Special
Conditions for high speed protected airplaneshdétud clarify that the means of compliance need
not include dedicated flight test demonstrationts.should include a requirement for failure
conditions.

Update to AC 25.335-1A guidance. It should clatlig necessary conditions for credit of reduced
structural design dive speeds for airplanes eqdippéh automatic protection functions, and clarify
the necessary considerations for atmospheric v@mgtinstrument errors and production variations
when applicable.

Update to 825.253(b) to establish thatcMlc need not exceed the maximum steady speed
achievable with full forward control input for algmes equipped with a High Speed Protection
function, limited such that it is at least the spaewhich effective speed warning occurs.

Inclusion of new regulation 8§25.253(d) to precisdbfine \bg/Mpg. This new definition should
clarify that Vbe/Mpr are speeds selected by the applicant to be useddlight tests when showing
compliance with the applicable regulations (below).

Regulation and/or guidance for handling qualitiasagraphs 25.251, 25.253 and 25.255 and flutter
flight tests of §25.629(e) should be amended towallisabling or modifying envelope protection
functions for flight test purposes, thus allowintcrieased speeds to be reached if so needed in
showing compliance to specific aspects of eachlagign. The same types of pass criteria currently
used for conventional airplanes should be mainthifoe envelope protected airplanes, although
guantitative criteria should be modified to qudiita criteria in some cases, in line with the
modified/degraded control laws that may be needealctomplish those tests. Quantitative criteria
for 8§25.255(f) should be modified to address pri@@@nd unprotected airplanes.

Regulation and guidance for paragraph 25.1505 dhio@llrewritten to add clarity on its intent and
criteria and the relationship between the minimyaesl margins to be used for structural design
(Vc/Mc to Vp/Mp) and the minimum speed margins to be demonstratdtight (Vwo/Mmo to
Vpe/Mpg). Criteria for failure conditions should also Ineluded.

Attachments 31B through 31H contain the FTHWG dedaproposals. These proposals complement the
FTHWG Phase 2 Topics 1 and 13 proposals relatéfigio Speed Protection Functions.

In addition, the FTHWG recommends that EASA, TC@NAC, and other national authorities adopt or
encourage the adoption of the proposed harmonempdatory and guidance material.

13

Topic 31 Vpe/Mpg vs. Vp/Mp
Recommendation Report



A. Rulemaking

1. What is the proposed action?

It is recommended that the FAA revise the regutaiod guidance related to vibration
and buffeting, high speed characteristics, ouriaf tharacteristics, flutter flight testing,
design dive speeds and maximum operating limitpeeds to address airplanes with high
speed protection functions. The changes should sfoon clarifying the relevant
characteristics to be demonstrated up to speedssine of §25.335(b)(1) and (b)(2)
gusts, and the ones that require demonstrationsormal mode up to the protected
envelope. In the former case, allowance shouldobeified in the regulations or guidance
material for disabling or modifying the envelop@tections as needed for flight tests. In
addition, 825.335(b)(1) should be revised to intwe the -15 deg flight path upset
maneuver for protected airplanes, similar to EASBS 25 Amdt 13, and introduce other
clarifications.

Rulemaking and guidance change should be coordinai other Subpart B changes
proposed during the Phase 2 Topics 1, 7 and 1@iteegi of the FTHWG, since some of
those proposals already establish new standardsidgbrSpeed Protection Functions.

2. What should the harmonized standard be?

Please refer to Attachment 31B: Proposed chang25.885(b) Regulation, Attachment
31E: Proposed changes to 25.1505 Regulation arathtient 31G: Proposed changes to
Subpart B Regulations.

3. How does this proposed standard address the undemg safety issue?

The proposed change to the §25.335(b)(1) recogmiegigh speed protected airplanes
necessitate an additional criterion when definimg design dive speeds (-15 deg upset-
dive in normal mode). This criterion has alreadgrbapplied via SC’s or ESF’s over the

years for all protected airplanes.

The proposed changes to Subpart B standards adbesfzct that, even if equipped with
a HSPF, an aircraft in service may encounter geisté that airspeed or Mach number
could be transiently higher than what can be a&ueduring dedicated flight tests
maneuvers in normal mode. The proposal therefoexifsps criteria to ensure that
recovery from these high airspeed or Mach condstismot impaired.

4. Relative to the current FAR, does the proposed stalard increase,
decrease, or maintain the same level of safety? Ham.

The proposed changes to 825.335(b)(1) and (b)(2)tena the same level of safety. They
keep the current standards for conventional aigdaand they introduce new criteria for
high speed protected airplanes. The new criteaateady being applied to all high
speed protected airplanes via SC’s or ESF's.

The proposed changes to Subpart B standards wilrashat the handling characteristics
of high speed protected airplanes are always sydiestly evaluated up to speeds
14
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inclusive of §25.335(b)(1) and (b)(2). Although ¢kdevels of overspeed excursions are
expected to be rare for protected airplanes, tisetiee possibility they might eventually
occur. Therefore, the new standards may increaskevel of safety.

The 1.2g criterion introduced in 825.255(f) alreaakysted in the EASA guidance in a
similar fashion. These changes are expected totamithat same level of safety for
protected airplanes. The proposed changes to S2bR&lso maintain the same level of
safety. The regulation remains unchanged for caimeal airplanes and modifications
were made to introduce clear criteria to defing/Mgc for protected airplanes.

The proposed changes to §25.1505, in combinatitim tve Subpart B proposed changes
— in particular the introduction of §25.253(d) e &elieved to streamline certification for

high speed protected aircraft, thus possibly eramging other OEM'’s to adopt envelope

protection functions.

5. Relative to current industry practice, does the prposed standard
Increase, decrease, or maintain the same level affsty? Explain.

The proposed changes to the §25.335(b)(1) maiti@rsame level of safety since they
have already been applied to high speed protedtpethrmes via SC’s or ESF's. The

proposed changes harmonize small differences isetl8pecial Conditions and clarify
points of discussion in previous programs. Some GEddrrently perform flight tests for

25.335(b)(1) but previous SC's did not require.that

The proposed changes to §825.335(b)(2) maintairséinee level of safety since OEM’s
consistently use the gust levels specified in AC335-1A to show compliance to this
regulation by analysis.

Some OEM'’s currently perform the formal handlingaliies assessments up to the
maximum speed achieved from (1) the §25.253(a)§$gumaneuvers plus the tolerances
described in AC 25-7D and (2) a flight demonstmatad the §25.335(b)(1) upsets. The
new proposed speed for quantitative assessmenkdoimal Mode (maximum speed
achieved following a gradual wings-level accelemnatio full forward pitch control input)
is potentially lower than the speeds resulting fr@2b.253(a)(1) or 825.335(b)(1),
although it is not the intent of the FTHWG to prdmenvelope protection designs that
would deliberately achieve this effect. Additiowyallthe proposal includes formal
gualitative demonstrations at higher speeds (ingu®f 8§25.335(b)(1) and (b)(2)),
encompassing all relevant flight characteristicecefed in the existing regulations.
Therefore, these proposals maintain the level feftgésee ANAC comment).

The proposed changes to Subpart B standards daffeat unprotected airplanes. The
1.2g criterion introduced in 825.255(f) alreadysted in the EASA guidance in a similar
fashion. These changes are also expected to mmititat same level of safety for
protected airplanes. Although a systematic evalnatif the handling characteristics is
now being proposed with disabled or modified prtitec to allow reaching speeds
inclusive of 825.335(b)(1) and (b)(2), the majorty the OEM’s with high speed
protected airplanes were already indirectly asagssiinimum handling qualities and
overspeed recovery capabilities when performinidiiflight tests close to 3/Mp.

15
Topic 31 Vpe/Mpg vs. Vp/Mp
Recommendation Report



6. Who would be affected by the proposed change?

The OEM’s and Airworthiness Authorities would bécated.

7. Does the proposed standard affect other HWG’s andlhat is the result
of any consultation with other HWGs?

The proposed standard and guidance changes dietddds and structures community.
Since there is currently no active HWG on theseiplimes the FTHWG was augmented
during the activities on this topic with loads atighamics and structures SME’s from
several OEM’s and also from the FAA, EASA and TCCA.

This group of SME’s helped the FTHWG in understagdhe background of §25.629(e),
825.335(b), 825.1505, their respective guidance, MBE practices and local
Airworthiness Authorities practices. They also aely participated in the elaboration of
the proposed revised regulation and guidance ieduil Attachments 31B thru 31F.

B. Advisory Material

1. Is existing FAA advisory material adequate? If notwhat advisory
material should be adopted?

It is not adequate. The FAA existing advisory matedoes not address high speed
protected airplanes. Over the years, differentrpmtations of §25.1505 for this type of
aircraft has led to different flight test practiasd certification criteria.

Detailed proposals for guidance material can bendoin Attachment 31C: Proposed
changes to 25.335(b) Guidance, Attachment 31D: d¥eg changes to 25.629(e)
Guidance, Attachment 31F: Proposed changes to 25228 25.1505 Guidance and
Attachment 31H: Proposed changes to Subpart B Goéala

2. To ensure harmonization, what current advisory mateal (e.g., ACJ,
AMJ, AC, policy letters) needs to be included in tk rule text or
preamble?

For harmonization purposes, it is recommendedANs&C, EASA and TCCA regulation
and guidance material be revised to reflect thappsed for the FAA regulations and
advisory material. With these changes, nothing mesed be included.

Economics

A. What is the cost impact of complying with the propsed standard (it may be
necessary to get FAA Economist support to answer ihone)?

Different OEM’s are currently applying different ares of compliance to the applicable high
speed regulations. After the implementation of ph&posed standard and guidance material the
cost impact could be positive, neutral or negatiepending on the current practice.
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For example the proposed change to 825.335(b)(#l) i respective guidance potentially
reduces the cost for OEM’s that traditionally hadveen demonstrating the -15 deg upset
maneuver by flight tests. There is no impact folM>Ethat use simulation/analysis and a slight
cost reduction for OEM’s that use pilot-in-the-logimulation.

Similarly, introduction of Subpart B maneuvers peeads inclusive of §25.335(b)(1) and (b)(2)
would mean no impact for OEM’s already planning tinght tests accordingly. But there could
be some cost increase to OEM'’s that currently icedtre flight testing to the maximum speeds
achievable in normal mode. The FTHWG has evalu#itad this extra cost could be partially
diluted if the new handling qualities demonstrasici® the higher speeds are planned and
executed in the existing Direct Mode or Alternateodd and, whenever allowed by local
regulation regarding Type Inspection Authorizatimngoordination with the flutter flight tests.

The proposed changes to 825.255(f) relative toPthase 2 Topic 13 proposals are expected to
produce no cost impact, since the regulation alreadludes recovery capability testing at
Vpe/Mpr with guidance material stating that envelope mtodes may be disabled or modified as
needed to achievep#/Mpr and the 1.2g criterion was already included in EASA guidance
material.

B. Does the HWG want to review the draft NPRM prior topublication in the
Federal Register?

Yes, please. The FTHWG would like to review NPRdrsl NPA'’s on this subject.

ICAO Standards

How does the proposed standard compare to the cuméICAO standard?
The sections below from ICAO annex 8 Part 11I1B ggkated to this discussion:

“Section 3.5.1 — Design airspeeds shall be estaalidor which the aeroplane structure is
designed to withstand the corresponding maneuvenmfgust loads. To avoid inadvertent
exceedances due to upsets or atmospheric variatibesdesign airspeeds shall provide
sufficient margin for the establishment of pradtimperational limiting airspeeds. In addition,

the design airspeeds shall be sufficiently gretitan the stalling speed of the aeroplane to
safeguard against loss of control in turbulent @onsideration shall be given to a design
maneuvering speed, a design cruising speed, andesig speed, and any other design
airspeeds necessary for configurations with hifjlofiother special devices.”

“Section 3.5.2 — Limiting airspeeds, based on treesponding design airspeeds with safety
margins, where appropriate, in accordance withllshall be included in the flight manual
as part of the operating limitations (see 7.2).”

“Section 7.2.3 — The airspeed limitations shallude all speeds (see 3.5) that are limiting
from the standpoint of structural integrity or fig qualities of the aeroplane, or from other
considerations. These speeds shall be identified wéspect to the appropriate aeroplane
configurations and other pertinent factors.”

The proposals included in this FTHWG report areinaonflict with the ICAO standards above.
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Attachment 31A: Topic 31 Work Plan

1. What is the task?

To recommend a harmonized means of definipg/Mpr and assessing high speed characteristics for
speed protected airplanes.

high

2. Who will work the task?

The Flight Test Harmonization Working Group (FTHW)l have primary responsibility for this task. &}

=

group may be complemented by Loads and Structux#s'sSfrom the various participant organizatioms.

Occasional consultation with the Structures Harmatnon Working Group may also be required.

3. Why is this task needed? (Background infornmgtio

During the Phase 2 discussions of Topics 1 andEh¥glope Protections and Out of Trim) the FTHWG

realized there is currently no clear, harmonizefindn of Vpe/Mpg (Subpart B) as opposed tapNip
(Subpart C) for airplanes equipped with High SpBeatection Functions (HSPF). These discussions

triggered by a passage of AC 25-7C section 32aft¢h presents an interpretation 825.1505 (Sub@art

linking the §25.253 demonstrations to the §25.3B8@monstrations in terms of margins tad™wo.

Although 825.335(b)(2) recognizes the potential osautomatic systems to restrict overspeed exouss
current guidance to 825.251, §25.253 and 825.25%fsclear about the max speed to be demonst

during handling qualities assessment for high spgeetkcted aircraft. As a result, some applicarteeh
defined \bg/Mpr as the maximum speed achieved during the 825.2%8odstrations with the HSRF

were

rated

operating, complemented by flutter flight test op\Mp/Mp. Others have disabled or modified their HSPF

during the handling tests to allow achieving higlsgpreeds, closer to pMp, despite this modified

configuration not being necessarily representabiféhe production airplane. A third group of applits
have been required to complement their HSPF ON dstrations with some specific HSPF OFF demos

This lack of harmonization for protected airplates led also to precautionary dissenting opinicgiadd
raised by some organizations during the writing-@HWG Phase 2 reports, in the sessions dealing

§25.253 and 825.255 recommendations for demorwtsatat \b/Mpe. Therefore, even though this topi
was not envisioned during Phase 1 prioritizatitve, FTHWG decided it should get a high priority with

Phase 3 schedule.

with
C

4. References (existing regulatory and guidancenahtincluding special conditions, CRIs, etc.)

14 CFR Part 25 regulations 825.251, §25.253, 825.885.335, §25.629, §25.1505
AC 25-7C section 32

FTHWG Phase 2 final report, 2017, Appendix 1 angemlix 9

CS 25.335(b) Amendment 13 (for protected aircraft)

TCCA Working Note No. 27

TCCA Memo 40292

FAA Memo 120292

5. Working method

It is envisioned that 5-6 one day face-to-face mgstwill be needed to facilitate the discussiordesl to
complete this task. Telecons and electronic cooredence will be used to the maximum extent possible

6. Preliminary schedule (How long?)

Recommendations to Transport Airplanes and Enggwcommittee within 18 months of the initiation
work on these tasks.

of
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7. Regulations/guidance affected

14 CFR Part 25 regulations 825.251, 825.253, 8%5.885.335, §25.629, §25.1505
AC 25-7C section 32

8. Additional information

Relevant extracts from the current FAA regulatiod guidance:

“825.251(b) Each part of the airplane must be destrated in flight to be free from excessive vilat
under any appropriate speed and power condition® Mp/Mpe. The maximum speeds shown must
used in establishing the operating limitationshef &irplane in accordance with S26.1505

be

“825.253(a)(3) With the airplane trimmed at anyespelp to \{(io/Mwmo, there must be no reversal of the

response to control input about any axis at angeépp to Vpe/Mpk. (...)"

“825.255(f) In the out-of-trim condition specified paragraph (a) of this section, it must be pdseditom
an overspeed conditiat Vpe/M pr to produce (...)"

“825.335 (b) Design dive speedp/Mp must be selected so thag/Vi¢ is not greater than (...)
(2) The minimum speed margin must be enough toigedior atmospheric variations (such as

horizontal gusts, and penetration of jet streant @ovld fronts) and for instrument errors and airfeg

production variations. These factors may be comsttien gprobability basis. The margin at altitude whe
Mc is limited by compressibility effects must nat kess tha®.07M unless a lower margin is determin

using a rational analysis that includes #fiects of any automatic systemdn any case, the margin may

not be reduced to less th@®5M.”

“825.629(e) Flight flutter testing. Full scale thgflutter tests at speeds up\{e/M pr must be conducte

e
ed

for new type designs and for modifications to aetyjesign unless the modifications have been shown t

have an insignificant effect on the aeroelastibiitp. These tests must demonstrate that the aghas

proper margin of damping at all speeds up/t¢/Mpg, and that there is no large and rapid reductio
damping a¥/pe/Mpr is approached. (...)”

“825.1505 (...) The speed margin betweeoMyo andVp/Mp or Vpe/Mpe may not be less than th
determined under Sec. 25.335(b¥aund necessaryduring the flight tests conducted under Sec. Z&:25

“AC 25-7C Section 32a.(6): Section 25.1505 states the speed margin betweepdMwo, andVp/Mp or

N in

jat

Vpor/MpE, as applicable, “may not be less than that detechunder § 25.335(b) or found necessary during

the flight tests conducted under §25.253.” Notd three speed marginmust be established that compl
with both 8§25.335(b) and §25.253. Therefore, if #pplicant chooses apdMpr that is less than 3/Mp,
thenVuo/Myo must bereducedby the same amount (...)”

es
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Attachment 31B: Proposed changes to 25.335(b) Regtibn

The Flight Test Harmonization Working Group recomaie the FAA to implement the changes below
(marked in blue) to the regulation §25.335(b).

(b) Design dive speed, Vp. Vp must be selected so that Vc/Mc is not greater than 0.8 Vp/Mp, or so that the
minimum speed margin between Vc/Mc and Vp/Mp is the greater of the values determined from (1) and (2).
If the selected Vp includes the effects of non-overridable High-Speed Protection Functions (HSPF), any
failure of the system that would affect the design dive speed determination must be shown to be
improbable (remote). Any failure of a non-overridable HSPF must be annunciated to the crew such that any
speed reduction necessary to meet the conditions of §25.1505(b) is addressed.

(1) Recovery from Airplane Upset: The speed increase occurring during the following maneuvers may be
calculated if the resulting speed margin is shown to be reliable or conservative.

(i) Where a HSPF is overridable or not installed, from an initial condition of stabilized flight at Vc/Mc, the
airplane is upset, flown for 20 seconds above V:/Mc along a flight path 7.5° below the initial path, and then
pulled up at a Ioad factor of 1 5g (0 5g acceleratlon increment). Ihe—speed—merease—eee&#mg—m—thrs
- Power as specified in
§25 175(b)(1)(|v) IS assumed until the puIIup IS mmated at WhICh tlme power reductlon and the use of pilot
controlled drag devices may be assumed;

(i) Where a non-overridable HSPF is installed and operating normally, the speed increase is determined
from the greater of (A) and (B) below. If any non-overridable automatic feature is included with the HSPF
(e.g. automatic power reduction or automatic application of drag devices), normal operation of these
features may be assumed in the maneuvers of (A) and (B).

(A) From an initial condition of stabilized flight at Vc/Mc, the airplane is upset so as to take up a new
flight path 7.5 degrees below the initial path. Pilot pitch control application, up to full authority, is
made to try to achieve and maintain this new flight path. Twenty seconds after achieving the new
flight path at or above Vc/Mc or twenty seconds after reaching full control input at or above Vc/Mc,
whichever occurs first, manual recovery is made at a load factor of 1.5 g (0.5g acceleration
increment), or such greater load factor that is automatically applied by the system with the pilot's
pitch control neutral. Initial power setting, as specified in 8§ 25.175(b)(1)(iv), is assumed. Pilot
reduction of power and/or use of drag devices must be delayed until recovery is initiated.

(B) From any likely level cruise speed up to Vc/Mc, with the longitudinal trim and power set to maintain
stabilized level flight at this speed, the airplane is upset so as to accelerate through Vc/Mc at a
flight path 15 degrees below the initial path (or at the steepest nose down attitude that the system
will permit with full pitch control input if less than 15 degrees). The pilot's controls may be in the
neutral position after reaching Vc/Mc and before recovery is initiated. Recovery may be initiated
three seconds after operation of the high speed warning device or immediately upon reaching
Vc/Mc (whichever is higher) by application of a load factor of 1.5 g (0.5g acceleration increment),
or such greater load factor that is automatically applied by the system with the pilot’s pitch control
neutral; power may be reduced simultaneously if not already automatically reduced by the High-
Speed Protection Function. All other means of decelerating the airplane, the use of which are
authorized up to the highest speed reached in the maneuver, may be used. The interval between
successive pilot actions must not be less than one second.

(2) The minimum speed margin must be enough to provide for atmospheric variations (such as horizontal
gusts, and penetration of jet streams and cold fronts) and for instrument errors and airframe production
variations. These factors may be considered on a probability basis. The margin at altitude where Mc is
limited by compressibility effects must not be less than 0.07M unless a lower margin is determined using a
rational analysis that includes the effects of any automatic systems. In any case, the margin may not be
reduced to less than 0.05M.
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Attachment 31C: Proposed changes to 25.335(b) Guidee

The Flight Test Harmonization Working Group recomuie the FAA to implement the changes below
(marked in blue) to AC 25.335-1A.

1. PURPOSE. This advisory circular (AC) sets foaiih acceptable means, but not the only means, of
demonstrating compliance with the airworthinessi@daads for transport category airplanes relatethéo
minimum speed margin between design cruise spedddasign dive speed. Like all AC's, it is not
regulatory but provides guidance for applicantsdemonstrating compliance with the objective safety
standards set forth in the rule.

2. CANCELATION. Advisory Circular 25.3354, Design Dive Speed, datét29/0Q is canceled.

3. RELATED14 CFRSECTIONS. Part 25, Section 25.335 "Design airspéeds

4. BACKGROUND. Section 25.335(b) requires the deslye speed, V, of the airplane to be established
so that the design cruise spe¥d, is no greater than 0.8 times the design dive spmetthat it be based on
an the greater of values resulting fropsetcriteria as specified in § 25.335(b)(1) and valiessilting from
atmospheric variations as specified in §25.335[b){Riatedat-the-design-eruise-speed,. ¥t altitudes
where the cruise speed is limited by compressytiifects, § 25.335(b)(2) requires the margin tombeless
than 0.05 Mach. Furthermore, at any altitude, tlaegn must be great enough to provide for atmospher
variations (such as horizontal gusts and the patietr of jet streams), instrument errors, and pctida
variations. This AC provides a rational methoddonsidering the atmospheric variatioasd also provides
guidance on high speed protection functions, da derors, and upset methods

5. DESIGN DIVE SPEED MARGIN DUE TO ATMOSPHERIC VARIATQNS.

a. In the absence sfibstantiakvidence supporting alternative criteria, comp@awith § 25.335(b)(2) may
be showrfor all airplanes, including airplanes equippethviligh Speed Protection Functioby, providing
a margin betweenyMc and \b/Mp sufficient to provide for the following atmosphedonditions.

()

b. At altitudes where speed is limited by Mach numbespeed margin of 0.07 Mach betweegdnd M is
considered sufficient without further investigation

6. HIGH SPEED PROTECTION FUNCTION

High Speed Protection Functions may be used inrm@ieng the speed margin betweeg &d \b due to
upsets and atmospheric variations. The term “Higéef Protection Function” is defined in the guidafor
825.144. The definition of the probabilistic terrmprobable” (“remote”) used in this regulation le tsame
as specified in the guidance for § 25.1309. FaibfréiSPF is considered under 825.1505(b) to establi
HSPF failed or inoperative operating speed limits.

7. EFFECTS OF AIR DATA ERRORS

If the airspeed indicating system installation erfef. §25.1323(c)) is shown to be within a 3 KEAS
tolerance at WMc, then the upsets of §25.335(b)(1) need not be swdlwith instrument errors.

If the airspeed indicating system installation erfef. 825.1323(c)) is shown to be within a 3 KEAS
tolerance at WMc and the atmospheric conditions presented in sedia. of this AC are used in the
assessment of atmospheric variations of §25.335(kJ{en additional considerations for air datdrimaent
errors at \W/M¢ need not be considered for §25.335(b)(2).
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If the airspeed indicating system installation eifref. §25.1323(c)) is not shown to be within &BAS
tolerance at ¥Mc, then the margin to 3/Mp due to upsets of §25.335(b)(1) and atmospheri@tans of
§25.335(b)(2) should account for that entire erhorany case, errors in the conservative sense meiele
considered.

If the aircraft response is dependent on air dgtatito any automatic system (e.g. HSPF gain sdbgdhz
command, control law gains, feedback or feedforwaotiors, etc. are a function of the input air datthe
overspeed range) then the applicant should congiwdeeffects of air data errors (i.e. errors in diredata
input for the HSPF) in the overspeed range in ordl@nsure that the resulting analytically calcedaspeed
margins from §825.335(b)(1) and (b)(2) are relialrieonservative.

Where compliance with §25.335(b)(1) or (b)(2) ipeledent upon activation of an overspeed warning, th
system tolerances should be considered. For alamagpvith digital interface between the airspeestey

and the overspeed warning system, the productitaratace for the overspeed warning system may be
deleted when adequately substantiated; therefohg e nominal setting of the overspeed warning
activation should be considered.

8. UPSET METHODS

Paragraph 25.335(b)(1) requires the airplane togdset. It is acceptable to perform these upsetsnby
pushing the aircraft nose down. The applicant map@se other methods to upset the airplane sueh as
pitch up followed by a pitch down, but it is not matory. Thus, for 825.335(b)(1)(ii)(A) it is noécessary
to decelerate the airplane after trimming atWc even if the flight path 7.5 degrees below thdaahpath is
not obtained. For §25.335(b)(1)(ii)(B), the applitanay select the maximum trimmed speed that Wadla
the airplane to accelerate through/Mc at a flight path 15 degrees below the initial p@that the steepest
nose down attitude that the system will permit with pitch control input if less than 15 degreeshe
effect of the initial trimming condition on the rtdsng speed margin after the upsets depend ominert
aircraft characteristics. For example, with airgi&rhaving neutral speed stability (e.g. auto-trithg
starting point trimming condition might be irrelexta
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Attachment 31D: Proposed changes to 25.629(e) Gurize

The Flight Test Harmonization Working Group recomuie the FAA to implement the changes below
(marked in blue) to AC 25.629-1B, Section 7.2.9iglf Flutter Tests.

7.2.5 Flight Flutter Tests.

7.2.5.1 Full-scale flight flutter testing of an@ane configuration to M/Mpf is a necessary part of the flutter
substantiation. An exception may be made when gaeodic, mass, or stiffness changes to a certifiqgulame

are minor, and analysis or ground tests show agielgl effect on flutter or vibration charactercdi If a failure,
malfunction, or adverse condition is simulated dgra flight test, the maximum speed investigategdneot
exceed ¥dJ/Mgc if it is shown, by correlation of the flight tedata with other test data or analyses, that the
requirements of § 25.629(b)(2) are met.

7.2.5.2 Airplane configurations and control systeamfigurations should be selected for flight teasdd on
analyses and, when available, model test redtdtsairplanes equipped with a High Speed Protedtianction,
the envelope protections may be disabled or matlifieeg. Direct Mode; Alternate Mode, flight testddzted
control law) to allow reaching the selected valudsVpe/Mpe during flutter flight tests. If the flutter
characteristics of the airplane with the envelop®qztions disabled or modified are substantiaiffecent than
the expected normal mode flutter characteristizsn tadditional substantiation should be presendeldessing
those differencesSufficient test conditions should be performed ¢éondnstrate aeroelastic stability throughout
the entire flight envelope for the selected configions.

(..
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Attachment 31E: Proposed changes to 25.1505 Regudat

The Flight Test Harmonization Working Group recommaiethe FAA to implement the changes below
(marked in blue) to the regulation §25.1505.

§25.1505 Maximum operating limit speed.

The maximum operating limit speed (Vmo/Mwo airspeed or Mach N-number, whichever is critical at a
particular altitude) is a speed that may not be deliberately exceeded in any regime of flight (climb,
cruise, or descent), unless a higher speed is authorized for flight test or pilot training operations.

() Vmo/ Myo must be established so that it is not greater than the design cruising speed Vc/Mc and so

that |t satlsfles the speed margins defined in 8 25 253(d) —FS—SH-f-f-FGFen-t-I-y—beleW—\#grLMg—e-r—\#gpLMg;—te

MQ#MMg—and—VD#MD—ewgrmay—nekbe—less%AhaFdemmeéd—unde%
25 2350} orfound necessarydurng-the thehitesis copducied under 5 25 263

(b) For airplanes utilizing a High Speed Protection Function (HSPF), operating speed limits must be
established for failures of the system accounting for appropriate margins to Vpe/Mpg, unless the failure is
shown to be extremely improbable and not caused by any single failures.
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Attachment 31F: Proposed changes to 25. 253 and 2505 Guidance

The Flight Test Harmonization Working Group recomuh® the FAA implement the changes below
(marked in blue) to AC 25-7D section 10.2 to suppgbe proposed new subparagraph 25.253(d) and
proposed changes to 25.1505, and to AC 25-7D Ch&&eo support the proposed new subparagraph
25.1505(b).

AC 25-7D § 10.2 High Speed Characteristics—8 25.253
10.2.1 Explanation.

10.2.1.1 The maximum flight demonstrated dive sp&@/Mpg, selected by the applicant, is usadng-with
VpfMp-when establishing Mo/Myo in accordance with the associated speed marginerithd provisions of
§25.253(d) andg25.150%a). Both Vwo/Mmo and \Vbe/Mpr are then evaluated during flight tests for showing
compliance with 825.233). The operational upsets expected to occur in serfacepitch, roll, yaw, and
combined axis upsets are evaluated when showingpleamme to 825.253(a)(1) and should not result in
exceeding ¥e/Mpg.

10.2.1.2 Although typically ¥/Mpf is selected to be equal tgMp, an applicant may select and demonstrate
Vpe/Mpg as a speed less thap/Mp. For instance, M/Mpr may be reduced to a speed necessary to meet flight
characteristics requirements og/Mp could be selected conservatively high as a stractesign option. In any
case, per §25.253(d), the minimum margin applicabM-/Mc and \L/Mp resulting from §25.335(b)(1) and (2),
with the design airspeeds-\and \f, expressed in CAS, is also applicable to the margiween Yjo/Myo and
Vpe/Mpe. Therefore, if the applicant chooses @M pe that is less than p/Mp, then io/Muo may need to be
reduced to maintain the required speed marginstdWoe.

10.2.1.5 At least the following factors should loesidered in determining the necessary flight tests

(..)

10.2.1.5.9 Effective and unmistakable aural spemahing at \{;c plus 6 knots, or Mo plus 0.01 Mref.
25.1303(c)(1)), or per considerations in 10.2.1.6.6

%%M%M%%ﬂ¥mmwgwmmmmy
dhe Mo were—egqual-to-WMp)-n-orderto-provide-the
Fequ#ed—speed—m-}l&gm—tegyMgp In detei'-mmmg showmg thahe speed margin betweeny,/Myo and

Vpe/Mpg is sufficientduring-type-certificationprogramthe factors outlined in paragraph 10.2.1.5 atsheld
also be considered in addition to the items lifteldw:

10.2.1.6.1 Increment for production tolerances irspged systems (0.005 M), unless largiiferences
tolerancesare found to exisGmaller tolerances may also be accepted if addgusatestantiated.

10.2.1.6.2 Increment f@roduction-tolerances @verspeed warningrrer margin and system toleran¢@0l M
per 25.1303(c)(1) and considerations in 10.2.).6.6

10.2.1.6.3The ncrementfAM) due to speed overshoot fromyly] established during flight tests in accordance
with § 25.258a)(1), should be added to the values &rspeed systerproductiondifferences toleranceand
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equtpmentoverspeed warning margln and systmterances The value of M may-net-be-greaterthan-the
= tons must meet the following critenehich

reflect the requwemehts of 88 25 25)11) 25 253(d;1nd 25 150&):.

MMmo<Mc¢
And
Mmo<MprF-AM-0.005M-0.01M
OrAnd
Mmo<Mpr—68-81(Mo-Mc)min

0.005M=Airspeed system production tolerances (ref. 10.2.1.6.1)
0.01M= Overspeed warning margin and system tolerances (ref. 10.2.1.6.2)
AM = Mach increase due to overshoot from Mo established during flight tests in accordance with
$25.253(a)(1)
(Mp-Mc)uiv = The minimum margin between M¢c and Mp applicable to the selection of Mp determined
under $25.335(b)

10.2.1.6.4 At altitudes wherey is limiting, the increment fqatedeetlen—dlﬁe#enees—et—mpspeed—systems and

production tolerances airspeed systems is 3 knefsey e

unless largedifferences-ererrors tolerancae found to eX|sSmaIIer alrspeed toIerances may also be accepted
if adequately substantiateéthe increment for overspeed warning margin ancegysblerances is 6 knots (ref.
25.1303(c)(1)), or per considerations in 10.2.1.6.6

10.2.1.6.5The ncrement(AV) due to speed overshoot froom¥, established during flight tests in accordance
with § 25.258a)(1), should be added to the values &rspeed systerproductiondifferences toleranceand

equtpment overspeed Warnlng margln and systtdmances The value ofwé sheuld-net-be-greater-than-the

05 must meet the following criteria, whieflect

the requwemehts of 8§ 25. 253(a)(1) 25. 253(d)281d505(a)

VmosV¢
And
VMo<VpF—AV—3 knots CAS— 6 knots CAS
And
VMOSVDF—QTQQ.(VD-V(:)N”N

Where:
3 knots CAS =Airspeed system production tolerances
6 knots CAS=£geiwmernt Overspeed warning margin and system tolerances
AV = Speed increase due to overshoot from Vo, established during flight tests in accordance with
$25.253(a)(1)
(Vo-Ve)miv = The minimum margin between Ve and Vp (expressed in CAS) applicable to the selection of Vp
determined under $25.335(D)

10.2.1.6.6 For an airplane with digital interfacgvieen the airspeed system and the overspeed waystem,

the production—tolerance—for—theverspeedwarning systemtolerance may be deleted when adequately
substantiatedleaving only the nominal margin betweegpdMuo and the overspeed warning activation to be

included.
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10.2.1.6.7 An applicant may propose to execute82te335(b)(1) upsets in flight to complement colpdie to
25.253(a)(1). In this case, industry practice saggthat the conservative nature of these upsetscis that the
airspeed system production tolerances and overspeecing system tolerances described in 10.2.1a63
10.2.1.6.5 need not be accounted for.

CHAPTER 39. OPERATING LIMITATIONS AND INFORMATIONOPERATING LIMITATIONS
[RESERVED]

Guidance for 825.1505(b):

The minimum margin between the operating speedtdinfor High Speed Protection Function (HSPF)
failed/inoperative and M/Mpe should be established through rational analysesrding to the requirements set forth
in either:

1. 825.335(b)(1)(i) and (b)(2), if the airplane in tfadled state is capable of maintaining a 7.5 degrese
down attitude with power as per §25.175(b)(1)() 20 seconds starting at the operating speedsliimit
the failure of the HSPF, or,

2. 825.335(b)(1)(ii) and (b)(2), if the airplane iretfailed state is incapable of maintaining a 7 gree nose
down attitude using up to full pilot pitch contiaput with power as per §25.175(b)(1)(iv) for 2@meds
starting at the operating speed limits for theufalof the HSPF.

Dispatch of the airplane with the HSPF inoperathasy be acceptable under an approved MMEL, provibadflight
manual instructions indicate appropriate operaspged limits, as described in paragraph 8§25.1508{(kgddition,
the cockpit display of the HSPF failed/inoperatmeerating speed limits, as well as the overspeegching for
exceeding those speeds, must be equivalent to ahdahe normal airplane with the HSPF operative. sehe
requirements address the potential hazard of iseckdive speeds with the HSPF inoperative. No iatdit hazards
may be introduced with the HSPF inoperative.
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Attachment 31G: Proposed changes to Subpart B Reatlons

The Flight Test Harmonization Working Group recomuie the FAA to implement the changes below
(marked in blue) to Subpart B regulations §25.253 §25.255.

Notes:
i. Text marked in red was already proposed as pdheoF THWG Phase 2 report (Topic 13).

ii. No changes are proposed for §25.251(b) or 825.2&3(#aragraphs included for reference only.

25.251(b):

Each part of the airplane must be demonstrated in flight to be free from excessive vibration under any
appropriate speed and power conditions up to Vpe/Mpe. The maximum speeds shown must be used in
establishing the operating limitations of the airplane in accordance with §25.1505.

25.253(a)(3):

With the airplane trimmed at any speed up to Vyo/Mwo, there must be no reversal of the response to control
input about any axis at any speed up to Vpe/Mpe. Any tendency to pitch, roll, or yaw must be mild and
readily controllable, using normal piloting techniques. When the airplane is trimmed at Vyo/Myo, the slope
of the elevator control force versus speed curve need not be stable at speeds greater than Vic/Mgc, but
there must be a push force at all achievable speeds (under normal flight control system operation) up to
Vpe/Mpg, and there must be no sudden or excessive reduction of elevater pitch control force as Vpe/Mpk is
reached.

25.253(a)(4):

Adequate roll capability to assure a prompt recovery from a lateral upset condition must be available at any
speed up to Vpe/Mpe. The demonstrations need not be initiated at a speed so high that Vpe/Mpr would be
exceeded during the maneuver.

25.253(a)(5):

With the airplane trimmed at Vyo/Mmo, extension of the speedbrakes over the available range of
movements of the pilot's control, at all speeds above Vyo/Mwo, but not so high that Vpe/Mpe would be
exceeded during the maneuver, must not result in:

(i) An excessive positive load factor when the pilot does not take action to counteract the effects of

extension;

(i) Buffeting that would impair the pilot's ability to read the instruments or control the airplane for
recovery; or

(iii) A nose down pitching moment, unless it is small.

25.253(b):

Maximum speed for stability characteristics. Vic/Mec. Vec/Mgc is the maximum speed at which the
requirements of 88 25.143(g), 25.147(e), 25.175(b)(1), 25.177, and 25.181 must be met with flaps and
landing gear retracted. Except as noted in § 25.253(c), Vec/Mgc may not be less than a speed midway
between Vuo/Muo and Vpe/Mpr, except that for altitudes where Mach number is the limiting factor, Mec need
not exceed the Mach number at which effective speed warning occurs. For airplanes equipped with a non-
overridable High Speed Protection Function, Vec/Mgc also need not exceed the maximum speed achievable
with full forward pitch control input, unless that speed would be less than the speed at which effective
speed warning occurs (per 8§ 25.1303(c)(1)).

25.253(d):
Demonstrated flight diving speed, Vpe/Mpe. The demonstrated flight diving speed, Vpe/Mpr, is a speed

selected by the applicant as not greater than Vp/Mp and such that the speed margin between Vyo/Myo and
Vpe/Mpe is not lower than the larger of:
(i) The minimum speed margin between Vc/Mc and Vp/Mp, applicable to the selection of Vp/Mp
determined under §25.335(b)(1) and (b)(2); and
(i)  That found necessary during the flight tests conducted under §25.253(a)(1).
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25.255(b):

In the out-of-trim condition specified in paragraph (a) of this section, when the normal acceleration is varied
from +1 g to the positive and negative values specified in paragraph (c) of this section—

(1) The stick force vs. g curve must have a positive slope at any speed up to and including Vec/Mgc; and

(2) At speeds between Vec/Mec and any achievable speed (under normal flight control system operation) up
to Vpe/Mpr the direction of the primary longitudinal control force may not reverse.

25.255(f):

In the out-of-trim condition specified in paragraph (a) of this section, it must be possible frem—an at any
achievable overspeed condition (under normal flight control system operation) up to Vpe/Mpg, to produce at
least 1.5 g for recovery by applying not more than 125 pounds of longitudinal control force for a control
wheel or 50 pounds for a side stick, using either the primary longitudinal control system alone or the
primary longitudinal control and the longitudinal trim system. If the required 1.5 g load factor is shown at a
maximum achievable speed less than Vpe/Mpe or if the longitudinal trim system is used to assist in
producing the required load factor, it must be possible to promptly produce at least 1.2 g at Vpe/Mpe by
applying not more than 125 pounds of longitudinal control force for a control wheel or 50 pounds for a side
stick, using the primary longitudinal control alone. If the longitudinal trim system is used to assist in
producing the required 1.5 g load factor, it must also be shown at-Vp/Mpg; that the longitudinal trim surface
can be actuated in the airplane nose-up direction at Vpe/Mpr with the primary surface loaded to correspond
to the least of the following airplane nose-up control forces:

(..)
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Attachment 31H: Proposed changes to Subpart B Guidece

The Flight Test Harmonization Working Group recomuie the FAA to implement the changes below
(marked in blue) to AC 25-7D.

Notes:
I. Text marked in red was already proposed as pdhneoF THWG Phase 2 report (Topic 1, 7 and 13).

il. Attachment 31F contains additional proposed chatm&sibpart B guidance, specific to §25.253.

AG—Z%-?—G—(SJ—a—Qs) [Delete th|s sectlon prewously proposed in Toplc 1]

AC 25-7D § 10.1.2.2 — Section 25.251(b):

The airplane should be flown at Vpe/Mpr at several altitudes from the highest practicable cruise altitude to
the lowest practicable altitude. For this demonstration, flight envelope protections may be disabled or
modified (e.g. Direct Mode; Alternate Mode; flight test dedicated control law) to allow reaching Vpe/Mpe. The
test should be flown starting from trimmed flight at Vyo/Muo at a power or thrust setting not exceeding
maximum continuous power or thrust. The airplane gross weight should be as high as practicable for the
cruise condition, with the CG at or near the forward limit. In addition, compliance with § 25.251(b) should be
demonstrated with high drag devices (i.e., speed brakes) deployed at Vpe/Mpr. Thrust reversers, if designed

for inflight deployment, shouId be deponed at thelr limit speed condltlons A—htgh-speed—p#eteetten—tenetten—

demenstratiens—at—vf

AC 25-7D (Propose new section in 10.2.1)

§ 10.2.1.7: Considerations for Aircraft Employing a High Speed Protection Function

10.2.1.7.1

Some aircraft may utilize a High Speed Protection Function (HSPF) which acts to reduce speed excursions
beyond the normal operating envelope. An HSPF is likely to become active during maneuvers described in
paragraph 10.2.3 32-¢. If an HSPF of suitable availability is installed, the upset maneuvers specified in
paragraphs 10.2.3.1 through 10.2.3.5 321 -through{(5) below can be limited to that which is achievable
with the HSPF functioning normally and the pilot’s pitch control full forward, and a load factor in excess of
1.5 g may be used during recovery if applied automatically by the HSPF with the pilots pitch control at the
neutral (zero force) position. For the purposes of compliance with § 25.253, suitable availability of an HSPF
means that the probability of loss of the function should be improbable/remote (on the order of 10® per
flight hour or less).

Adequate handling qualities (e.g. adequate roll rate, normal load factor capability, control force gradients
and absence of control reversal) should be observed during the recovery demonstrations from the upset
maneuvers of 8§25.253(a)(1). In addition, compliance with paragraphs 25.253(a),(3),(4),(5), (b) and
25.255(b), (f) include demonstrations in Normal Mode at a reasonably stable airspeed/Mach number,
defined as the maximum speed achieved following a gradual wings-level acceleration (for example, on the
order of 1kt/s acceleration) to full forward pitch control input.

§10.2.1.7.2

An HSPF when functioning normally may, by design, limit the airspeed the airplane can achleve even W|th
full forward pitch control; however, an applicant may

ehatcaetensttes—at—a—selected VDF/MDF speeds higher than can be achieved with full forward pitch control.

I motMuo—to—VpefMpe—If an HSPF is
mstalled and an appllcant chooses to demonstrate hlgh speed characteristics at a selected Vpe/Mpg that

cannot readily be achieved with the nominal HSPF settings, the-HSPF-may-be-adjusted-or-disabled-the
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applicant can use any means to permit achievement of that higher speed for demonstrations of control
characteristics and speedbrake extension at Vpe/Mpr showing compliance to § 25.253(a)(3) — (5), provided
the aerodynamic configuration and the airplane capability in pitch and roll during the demonstration at
Voe/Mpr sheuld-be-the-same-can be used to correlate with the normal mode expected behavior-as-weuld-be
present-i-the HSPFwerefunetioning—rermally. In this way the underlying aerodynamic control capability
and buffet characteristics are demonstrated to Vpe/Mpr. Demonstrations showing compliance to 8
25.253(a)(1) and (2) (handling qualities, speed excursion and load factor control and buffeting during
recovery from specified maneuvers) should be performed with the HSPF functioning normally.

AC 25-7D: (Propose new section in 10.2.3)

10.2.3.X_General Flight Characteristics, 25.253(a  )(3)

§25.253(b) establishes that maneuvering characteristics of §25.143(g), lateral control characteristics of
§25.147(e) and the stability characteristics of §§25.175(b)(1), 25.177 and 25.181 must be met at speeds up
to VFC/MFC-

Beyond Vec/Mec, 825.253(a)(3) requires the airplane be shown to respond in the conventional sense to
control inputs in each axis at any speed up to Vpe/Mpe. For airplanes equipped with a non-overridable High
Speed Protection function, this may be evaluated with the envelope protections disabled or modified (e.qg.
Direct Mode; Alternate Mode; flight test dedicated control law) to allow reaching Vpe/Mpe. During this
testing, it should also be confirmed that no sudden or excessive reduction of longitudinal control force
occurs as Vpe/Mpr is reached.

In addition, it must be shown that a push force is required to achieve speeds up to Vpe/Mpg, or the

maximum speed that is achievable with a High Speed Protection System operating normally, whichever is
lower.

AC 25-7D 8§ 10.2.3.6 — Roll Capability — Section 25. 253(a)(4)

8§ 10.2.3.6.2 Test Procedure.

An acceptable method of demonstrating that roll capability is adequate to assure prompt recovery from a
lateral upset condition is as follows:

1. Establish a steady 20-degree banked turn at the maximum achievable speed (under normal flight
control system operation) up to Vpe/Mpr a-speed-close-to-Vp/Mpr, limited to the extent necessary to
accomplish the following maneuver and recovery without exceeding Vpe/Mpe. Using lateral control
alone, it should be demonstrated that the airplane can be rolled to a 20° bank angle in the opposite
direction in not more than 8 seconds. The demonstration should be made in the most adverse
direction. The maneuver may be unchecked.

2. For airplanes equipped with a non-overridable High Speed Protection function, adequate roll capability
for prompt recovery from a lateral upset should also be shown at the maximum speed achieved
during recovery from the lateral and two-axis upsets as described in Section 10.2.3.3.1 and 10.2.3.3.3
of this AC. In addition, roll capability must be shown to be adequate up to Vpe/Mpr with the envelope
protections disabled or modified (e.g. Direct Mode; Alternate Mode; flight test dedicated control law) if
so required to allow reaching Vpe/Mpe. The demonstrations need not be initiated at a speed so high
that Vpe/Mpr would be exceeded during the maneuver.

3. For airplanes that exhibit an adverse effect on roll rate when rudder is used, it should also be
demonstrated that use of rudder to pick up the low wing in combination with the lateral control will not
result in a roll capability significantly below that specified above.
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AC 25-7D § 10.2.3.7 — Extension of Speedbrakes

810.2.3.7.3

The effect of extension of speedbrakes may be evaluated during other high speed testing (for example,
paragraph 10.1.2.2 and paragraphs 10.2.3.1 through 10.2.3.5 of this AC) and during the development of
emergency descent procedures. It may be possible to infer compliance with § 25.253(a)(5) by means of this
testing. To aid in determining compliance with the qualitative requirements of this rule, the following
guantitative values may be used as a generally acceptable means of compliance. A positive load factor
should be regarded as excessive if it exceeds 2 g. A nose-down pitching moment may be regarded as
small if it necessitates an incremental force of less than 20 pounds tbs—for a conventional control wheel or
15 pounds for a side stick controller to maintain 1 g flight. These values may not be appropriate for all
airplanes, and will depend on the characteristics of the particular airplane design in high speed flight. Other
means of compliance may be acceptable, provided that compliance has been shown to the qualitative
requirements specified in § 25.253(a)(5). For airplanes equipped with a High Speed Protection function, for
which the selected values of Vpe/Mpr might not be achievable in flight test in a configuration representative
of the normal operation of the flight controls system, the use of analysis and/or simulation may be
acceptable to show compliance between the maximum speed demonstrated in flight and Vpe/Mpe.

AC 25-7D § 10.3 - Out-of-Trim Characteristics — Sec _ tion 25.255.

810.3.1 Explanation

(...)

With the advent of Electronic Flight Control Systems (“Fly-By-Wire”), some airplanes have included
automatic longitudinal trim systems whereby the trim surface position is automatically adjusted without
direct command from the pilot. Such systems have the ability to minimize or eliminate the potential mistrim
of the trimming surface under normal operation. However, depending on the design of the automatic trim
system, some level of mistrim may exist at high speed cruise conditions under normal maneuvering
conditions or atmospheric disturbances, including those leading to the “jet upsets” described above. It is
the intent of this regulation to demonstrate the required maneuvering characteristics in any achievable high
speed condition up to Vpe/Mpr and minimum controllability at Vpe/Mpr with the level of mistrim that can be
expected in service, including any automatic movement, in response to normal maneuvering and
atmospheric disturbances expected in the cruise phase of flight.

The maximum achievable speed for maneuvering characteristics demonstration, referred to in sec.
25.255(b)(2), is a reasonably stable airspeed/Mach number, defined as the maximum speed achieved
following a gradual wings- Ievel acceleration (for example, on the order of 1kt/s acceleratlon) to fuII forward
pitch control mput

§10.3.2.2

Section 25.255(b) establishes the basic requirement to show positive maneuvering stability throughout a
specified normal acceleration envelope at all speeds to Vec/Mec, and the absence of longitudinal control
force reversals throughout that normal acceleration envelope at speeds between Vic/Mgc and any
achievable speed up to Vpe/Mpe with the flight control system (including envelope protections) operating
normally. (Later subsections (d) and (e) recognize that buffet boundary, envelope protections or other
limiting features, and control force limits will limit the normal acceleration actually reached; this does not
account for Mach trim gain, etc.)

8§10.3.2.7

Section 25.255(f) requires that, in the out-of-trim condition specified in 8 25.255(a), it must be possible to

produce at least 1.5g during recovery from any achievable the-overspeed condition (under normal flight

control system operation) up to e&Vpe/Mpg, Or at the maximum achievable speed with the flight control
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system (including envelope protections) operating normally, by applying not more than 125 pounds of
longitudinal control force for a conventional control wheel or 50 pounds for a side stick controller. If adverse
flight characteristics preclude the attainment of this load factor at the highest altitude reasonably expected
for recovery to be initiated at Vpe/Mpr the overspeed condition following an upset at high altitude, the flight
envelope (c.g., Vpe/Mpg, altitude, etc.) of the airplane should be restricted to a value where 1.5 g is
attainable. Inability to attain 1.5 g due to encountering deterrent buffet or envelope protection is not
considered an adverse flight characteristic.

For airplanes equipped with a High Speed Protection Function (HSPF) that acts to reduce speed
excursions beyond the normal operating envelope, 8§25.255(f) allows limiting the demonstration of the
required 1.5 g recovery capability to the maximum achievable airspeed with the HSPF functioning normally
and the pilot’s pitch control full forward. For the purposes of compliance with 8§ 25.255(f), it should be
shown that the HSPF has suitable availability and that the probability of loss of the function should be
improbable/remote (on the order of 10 per flight hour or less).

If the required 1.5 g load factor is shown at the maximum achievable speed with HSPF functioning
normally, it must also be shown that it is possible to produce at least 1.2 g recovery capability at Vpe/Mpe
using the primary longitudinal control (without assistance from the longitudinal trim surface). For this
demonstration, flight envelope protections may be disabled or modified (e.g. Direct Mode; Alternate Mode;
flight test dedicated control law) to allow reaching Vpe/Mpe. The objective of this test is to demonstrate that
the airplane and its flight control system are capable of producing 4+51.2 g during recovery from an
overspeed condition, even if a protection system would normally act to deter or prevent such an overspeed
encountered due to upsets similar to those used for compliance with Section 25.253(a). This could include
more extreme upsets or large horizontal wind shear or gusts that result in momentary exceedences of the
normally achievable airspeed with the protections operating normally.

Although a pilot commanded or automatic trim input may be used to assist in producing the required normal
aceeleration-load factor of 1.5 g, it is not acceptable for recovery to be completely dependent upon the piet
commanded trim input. It should be possible to promptly produce at least 1.2 g at Vpe/Mpg by applying not
more than 125 pounds of longitudinal control force for a conventional control wheel or 50 pounds for a side
stick using the primary longitudinal control alone. If trim surface movement must be used for the purpose of
obtaining 1.5 g, whether commanded by manual pilot trim inputs or by the automatic trim system, it must be
shown to operate with the primary control surface loaded to the least of three specified values and it must
be possible for the pilot to command the pitch trim while maintaining the appropriate level of pull force.

(.

810.3.3 - Procedures

§ 10.3.3.1 Compliance is determined by the characteristics of Fs/g (normally a plot). Any standard flight test
procedure that yields an accurate evaluation of Fs/g data in the specified range of speeds and acceleration
should be considered for acceptance. Bounds of investigation and acceptability are set forth in the rule and
in discussion material above, and broad pilot discretion is allowed in the selection of maneuvers.

§10.3.3.1.1

For airplanes that include a design that provides automatic trimming under all cruise flight conditions
(including auto-flight), the amount of mistrim should be determined by analysis, accounting for system
design, thresholds for automatic trimming, and system tolerances. It must also account for any mistrim that
may result from normal maneuvering or atmospheric disturbance expected in cruise flight. If the possible
mistrim is considered negligible (and paragraph (a)(1) is not applicable) the testing required by paragraphs
(b) through (f) can be conducted with no specific level of mistrim. Alternatively, if the amount of mistrim is
not negligible, it would be considered acceptable to conduct the flight testing with no specific mistrim if it
can be shown by analysis that, (1) the level of mistrim does not affect the maneuvering characteristics (Fs
vs g) of the airplane (e.g., a maneuver demand control system) and (2) the maneuvering capability ef-+-5¢
demonstrated during flight tests for §25.255(f) would still be possible if the mistrim was present at the start
of the recovery (this could be shown by demonstrating controllability beyond 1-5g— that required by
§25.255(f) during flight test and adjusting the peak Nz achieved by the effect of the mistrim on pitching
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moment, or by showing sufficient margin in elevator authority during the flight tested recovery at 1.5g and
1.2g, as applicable, to offset the possible level of mistrim and still generate the required load factort5g).

§10.3.3.1.2

The flight testing for 8 25.255(b) is required at achievable airspeeds up to Vpe/Mpe {established—in
accordanee—with-—825-253(a)), with the flight control system (including envelope protections) operating
normally. While conducting these tests, the airplane should be accelerated from a level flight condition at
Vumo/Muo (or any lower initial airspeed with the level of mistrim established with paragraph (a) above) using
up to Maximum Continuous Thrust to the target airspeed. Testing should be conducted with the flight
control system operatrng normally to accurately present the arrplanes maneuverrng characterrstlcs Ypset

demenstratren—lf fuII forward pitch control input is reqwred to marntaln the target arrspeed after it is
achieved, no pushover maneuver is possible. A wings-level pull-up or constant speed/Mach wind-up turn
maneuver to the extent required for the maneuver should be accomplished from this condition with the
control system operating normally, including any automatic trim surface movement.

§10.3.3.1.3

The flight testing for § 25.255(f) is—+equired to show that the airplane provides the required recovery
capability at Vpe/Mpe may be conducted with the flight-centrol-system-eperating-normally—exeept-thatflight
envelope protections may-be disabled or modified (e.g. Direct Mode; Alternate Mode; flight test dedicated
control law) if necessary to allow reaching Vpe/Mpe. While conducting these—the tests required by
§25.255(f), the airplane should be accelerated from a level flight condition at Vyo/Muo (or any lower initial
airspeed with the level of mistrim established with paragraph (a) above) using up to Maximum Continuous
Thrust until the target airspeed MpefMpe is achieved or full forward pitch control is reached. A wings-level
puII up maneuver to at Ieast 15¢ the reqwred Ioad factor should be accomplished from this condition-with

Recovery capability is generally critical at altitudes where airspeed (Vpg) is limiting. If at the highest altitude
reasonably expected for recovery to be initiated at Vpe/Mpr (or the maximum achievable speed for an HSPF
equipped airplane) following an upset the maneuver capability is limited by buffeting of such an intensity
that it is a strong deterrent to further increase in normal acceleration or an AOA Limit imposed by a High
Angle of Attack Limiting Function is reached, some reduction of maneuver capability will be acceptable,
provided that it does not reduce to below 1.3 g and that 1.5 g is possible at lower altitudes. The entry speed
for flight test demonstrations of compliance with this requirement should be limited to the extent necessary
to accomplish a recovery without exceeding Vpe/Mpg, and the normal acceleration should be measured as
near to the target airspeed VpfMpe-as is practical.

§10.3.3.1.4
In accordance with § 25.255(e), the maneuvering characteristics tests for § 25.255(b) and any extrapolation
of Nz in accordance with § 25.255(c)(2) need only extend to the lesser of
(2)The levels defined in § 25.255(c);
(b) The positive load factors associated with probable inadvertent excursions beyond the boundaries of
the buffet onset envelopes determined under § 25.251(e); and
(c) The +/- load factors achievable at the test airspeed with the flight control system operating normally,
including high speed protections, AOA limiting, Nz limiting, or other control system limitations.
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